ABSTRACT: The genus Pseudo-nitzschia includes a number of species responsible for blooms in coastal and open waters worldwide. P. delicatissima, a species reported as a potential source of amnesic shellfish poisoning (ASP), reaches high concentrations in the Gulf of Naples (Mediterranean Sea), where it regularly blooms in spring and, at times, in autumn. We assessed both intra-and interindividual genetic diversity of this species before and during a bloom (February to April 2001) by sequencing the internal transcribed spacer regions (ITS1 and ITS2) and the 5.8S gene of the nuclear ribosomal DNA. PCR products obtained from 70 strains were cloned and several ITS copies were sequenced for each strain to assess intra-individual polymorphism. Phylogenies showed the presence of 5 distinct, well-supported lineages within what was considered to be a single morphospecies. Genetic diversity was higher in pre-bloom conditions, while all strains collected at the height of the bloom clustered within a single major clade. Ultrastructural investigations carried out on selected strains revealed morphological features slightly different from the ones typical for P. delicatissima only in 1 strain, outside the major clade. Our results, supported by the analysis of the hypervariable domains of LSU (large subunit) rDNA carried out on selected strains, suggest the presence of cryptic diversity within P. delicatissima. Such diversity could in fact explain the existence of toxic and nontoxic strains within the same species and the occasional mismatches between 'species-specific' molecular probes and target species.
INTRODUCTION
Large population size and high biogeographic dispersal of planktonic taxa should account for low levels of genetic differentiation, based on the assumption that the borderless marine environment should favor homogenization and prevent genetic isolation through rapid gene flow. This concept has been challenged in recent years. Molecular approaches demonstrated that genetic diversity can be important and highly structured in marine species (Palumbi 1994 , Knowlton 2000 , Norris 2000 , including phytoplanktonic organisms belonging to distinct phylogenetic lineages (Medlin et al. 1996 , Lewis et al. 1997 , Bolch et al. 1999 , LaJeunesse 2001 , Montresor et al. 2003 . Gene flow within large populations of pelagic species with high dispersal potential can be non-homogeneous, and genetic structuring is evident over the biogeographic distribution range, matching oceanic provinces, water masses and/or possible dispersal routes (Scholin et al. 1995 , Bucklin et al. 1998 . In other cases, high intraspecific diversity occurs without an apparent geographic partitioning (Medlin et al. 1996) . Intraspecific genetic variability has been recorded also at narrow spatial scales, demonstrating that distinct genotypes sharing very similar morphological features can coexist in the same environment and suggesting the existence of cryptic taxa (Skov et al. 1997 , Bolch et al. 1999 , Montresor et al. 2003 . Nonetheless, examples of taxa with very low intraspecific genetic diversity have also been reported (e.g. Connell 2000) . All these different aspects of genetic variability have considerable implications for a sound estimate of global marine biodiversity, for the understanding of speciation mechanisms and for explaining differences in the ecological success of planktonic organisms.
Species of the genus Pseudo-nitzschia are abundant components of phytoplankton communities in both neritic and open-ocean environments over a wide latitudinal range from polar to temperate and equatorial waters (Iriarte & Fryxell 1995 , Horner et al. 2000 , Hasle 2002 , Smetacek et al. 2002 . In the last few decades, this genus has attracted considerable scientific interest, since some species produce domoic acid, a neurotoxin responsible for amnesic shellfish poisoning (Mos 2001, www.bi.ku .dk/ioe/default.asp). The genus presently includes 27 species of needle-shaped, raphid pennate diatoms, which form chains of variable length by the overlapping of their ends (Hasle & Syvertsen 1997 , Lundholm et al. 2002b , Priisholm et al. 2002 . Species identification within Pseudo-nitzschia can be rather complex; fine ultrastructural details of the frustule (e.g. numbers of striae and fibulae, poroid arrangement) need to be assessed by electron microscopy to key-out species. To facilitate recognition and enumeration of species in natural samples, species-specific molecular probes based on the sequences of the LSU (large subunit) nuclear ribosomal DNA have been designed (Miller & Scholin 1996 . However, these molecular probes have shown at times a poor match when tested on natural samples (Parsons et al. 1999 , Orsini et al. 2002 .
The results of a long-term plankton program carried out at a coastal station in the Bay of Naples (Tyrrhenian Sea, Mediterranean Sea) showed that several Pseudonitzschia species occur in the area, with recurrent seasonal distribution patterns (Zingone et al. 2002 , Ribera d'Alcalà et al. 2003 . Among them, P. delicatissima regularly blooms in spring, and at times in autumn, reaching high cell concentrations. In the present study we followed the genetic diversity of P. delicatissima during the onset and peak of a spring bloom in the Bay of Naples. Our aim was to test the existence of 1 or multiple populations and to assess the level of genetic diversity within the bloom. Several molecular markers are now available for testing genetic diversity at distinct hierarchical levels (Feral 2002) . We used the internal transcribed spacer regions (ITS1 and ITS2) and the 5.8S gene, which have been widely utilized for phylogenetic inferences at and below the species level (Coleman et al. 1994 , van Oppen et al. 1995 , Connell 2000 , Kooistra 2002 , LaJeunesse 2002 . ITS regions are present in strings repeated hundreds of times in the genome, and variations within single genomes homogenize through concerted evolution in sexually interbreeding populations (Dover 1982) .
MATERIALS AND METHODS
Sampling, cultures and morphological observations. Phytoplankton samples were collected at the coastal station MareChiara (MC) located 2 nautical miles (n miles) offshore in the Gulf of Naples (Tyrrhenian Sea, Mediterranean Sea) and at station 'Dina', located in open oligotrophic waters 18 n miles offshore (surface samples at both stations). St MC was sampled weekly within a long-term sampling program (Ribera d'Alcalà et al. 2003) , while Stn Dina was sampled at more irregular intervals from January to July 2001. Water samples for the quantitative estimation of phytoplankton cell concentration were collected with a Niskin bottle and preserved with formaldehyde (0.8% final concentration). Cells were identified and counted under an inverted light microscope (LM) at a magnification of 400×. To obtain material for cell isolation, net phytoplankton samples were collected in the prebloom phase, during the peak phase and toward the end of a bloom in February to April 2001 and at the beginning of the spring bloom in March 2002 only at Stn MC (Table 1) . The net was gently towed through the surface layer of the water column (about 1 to 2 m), and the sample was stored at about 15°C in the dark until return to the laboratory. Small amounts (ca. 0.5 to 1 ml) of the sample were placed in single wells of a tissue culture plate and diluted with filtered seawater. Under the LM, Pseudo-nitzschia delicatissima specimens were recognized based on gross cell morphology. In particular, size and shape of the cells, cell overlapping and the aspect of the valve ends in girdle view were the characters considered to distinguish P. delicatissima from the other Pseudo-nitzschia species recorded in the Gulf of Naples. Single short chains of P. delicatissima were isolated with a micropipette under an inverted light microscope, washed in sterile seawater and placed in wells of a tissue culture plate containing 2 ml of diluted (1:20) F /2 growth medium (Guillard 1983) . The culture plates were incubated at a temperature of 18°C, with a photon fluence rate of 100 µmol photons m -2 s -1 (provided by cool-white fluorescent tubes) in a 12:12 h light:dark photo cycle for 3 to 4 d, to allow the growth of several chains. All strains were then inspected using a Zeiss Axiovert inverted microscope to re-isolate chains for molecular analyses.
We also included 6 Pseudo-nitzschia delicatissima strains collected at the beginning of the bloom in March 2002 in the molecular analyses and examined them with transmission electron microscopy (TEM). These strains were grown in 30 ml of culture medium. Exponentially growing cells were fixed with formaldehyde (final concentration 0.8%), cleaned with 10% HNO 3 and 40% H 2 SO 4 , and washed with distilled water. A drop of the cleaned material was placed on a Formvarcoated grid and observed with a Philips TEM 400 microscope. Numerous natural samples collected at the sampling station MC, as well as clonal cultures of the different Pseudo-nitzschia species recorded in the area, have been prepared over the years for LM and TEM investigations with the method illustrated above to test the ultrastructural characters that distinguish the different species and to provide a check for the routine identification with LM of species in natural samples.
ITS direct PCR amplification and sequencing. PCR amplification was performed directly on short chains of cells (see last subsection). Cells were transferred into PCR Eppendorf tubes using the smallest possible volume (1 to 2 µl) of culture medium to avoid salt contamination. Negative control tubes were prepared with 2 µl of sterile filtered seawater. Preliminary trials were performed, isolating single cells of Pseudo-nitzschia delicatissima with a micropipette. DNA amplification was successful, but relatively poor, providing only a few nanograms of DNA.
The ITS region was amplified in PCR using the universal primers ITS1 and ITS4 (White et al. 1990 ). Cells were amplified in 20 µl reaction mix containing 2.5 U of Taq (Boehringer), 0.2 mmol of each nucleotide and 20 pmol of each primer. We performed 35 cycles (1 min at 94°C, 1 min at 51°C and 2 min at 72°C), with an initial denaturing step of 10 min at 95°C. Amplified DNA fragments were purified with the QUIAEX II purification kit (Qiagen). Purified PCR products were cloned in pCR II-TOPO vector with the TOPO TA cloning kit according to the manufacturer's instructions (Invitrogen). Vector primers (M13 rev and T7) and 2 suitably designed internal primers (Deli-d forward; 5'-GATTCACGAG-GTCTTGCAATTCG-3'; Deli-r reverse; 5'-CGAATTG-CAAGACCTCGTGAA-TC-3') were used as sequencing primers. Sequences were obtained with a CEQ 2000 DNA Analysis System (Beckman), using a DyeTerminator cycle sequencing kit. To assess intra-strain variability, 1 to 5 cloned sequences for each strain were analysed. A total of 231 sequences of the whole ITS region were obtained.
ITS sequence analysis. Sequences were aligned using Clustal W (Thompson et al. 1994) in the Bioedit 4.5.8 computer package (Hall 1999) . ITS regions recognition in the alignment was done according to Hershkovitz & Lewis (1996) . The number of different haplotypes was calculated with the DAMBE computer program (Xia 2000) , and the number of polymorphic sites was calculated using MEGA 2.1 (Kumar et al. ). Phylogenetic significance of informative sites was assessed by comparing the measure of skewedness (g1-value) obtained under the random trees option in PAUP* (phylogentic analysis using parsimony) with the empirical threshold values given in Hillis & Huelsenbeck (1992) . Phylogenetic analyses were performed with the total ITS1-5.8S-ITS2 rDNA region and with ITS1 and ITS2 separately for both the total number of cloned sequences and the consensus sequences calculated for each diatom strain. Phylogenetic relationships were inferred using distance analysis. Neighbor-joining (NJ) trees (Saitou & Nei 1987) were obtained according to the Kimura 2-parameter model, with the neighbor-joining option in MEGA 2.1, and branches statistical support was obtained with 1000 bootstrap replicates (Kumar et al. 2001) . LSU sequence analysis. For the 6 Pseudo-nitzschia strains collected in March 2002, a fragment of LSU rDNA spanning the D1 and D3 hypervariable domains was also sequenced. Amplifications were performed following Orsini et al. (2002) , and amplification products were directly sequenced using PCR primers as sequencing primers. Sequences were aligned with 3 LSU sequences of P. delicatissima (SZN-B18, SZN-B19, SZN-B33) obtained from the same geographic area, and a sequence of P. fraudulenta (SZN-B21) was used as outgroup. (For GenBank accession numbers see Orsini et al. 2002.) Phylogenetic relationships were inferred by the methods detailed above.
RESULTS
In 2001, Pseudo-nitzschia delicatissima started to be recorded in net samples in February. In the samples examined for quantitative analyses, the species was recorded from the beginning of April until mid-May, reaching its highest concentrations (up to 3.4 × 10 6 cells l -1 ) on April 10 (Fig. 1) . At the offshore station 'Dina', P. delicatissima was present at considerably lower densities (up to 0.4 × 10 6 cells l -1 on April 3). In February to April 2001, the water column was still mixed and characterized by low temperature values (15°C). Transient density stratifications occurred in the surface layer (5 to 10 m) due to rain events that lowered salinity values (F. Corato unpubl. data). In spring 2002, the species was present in the same period, but peak concentrations were lower (up to 0.8 × 10 6 cells l -1 on April 30).
Genetic diversity
The total length of the ITS1-5.8S-ITS2 regions of Pseudo-nitzschia delicatissima strains ranged from 758 to 867 bp. ITS1 and ITS2 ranged from 280 to 346 and from 318 to 379 bp, respectively, whereas the 5.8S region ranged from 155 to 163 (Table 2) . Comparisons among sequences obtained from single individuals through cloning showed little differences, with Kimura 2-parameter distance ranging from 0 to 0.024. Phylogenetic analyses of the consensus sequences of all strains collected during the spring bloom showed a relatively high level of genetic diversity, with strains grouping into 5 different lineages (Fig. 2) . Alignment ) during spring blooms at coastal station MC and offshore station 'Dina'. Sampling dates for molecular analyses are encircled; note different scales for cell concentration between years within clades was straightforward, though in a few cases it became problematic in the ITS1 and at the very end of the ITS2. The difficulties were not caused by troublesome reading, because all separate sequences within the same strain clearly showed the same aberrant pattern. Alignment among clades was almost impossible in a region of ITS1 between Positions 76 and 255, which was excluded from subsequent analyses because it showed alignment ambiguities and indels (insertion-deletion events). The final alignment comprised 988 positions. It also showed significant phylogenetic structure (g1 = -2.2858 given 157 parsimony-informative sites and ca. 20 genetically distinctly different taxa) above the background noise (threshold g1 = -0.2 given 15 taxa and 100 sites). Variation was not evenly distributed and the large majority of sequences were highly similar in the first analysis of the alignment. Phylogenetic structure within this group of sequences (g1 = -0.1721 given 8 parsimonyinformative sites and ca. 30 distinct taxa, all positions included) was found to be insignificant (threshold g1 = -0.18 given 10 characters and 25 taxa). High diversity was detected in the pre-bloom phase (first and second sampling dates) when strains grouped into 4 distinct, well-supported branches (Fig. 2) . On the third sampling date, when the bloom reached its peak, all strains collected both at the coastal station MC and at the offshore station 'Dina' grouped together (Clade 1). Only 1 strain (68-01) fell at a basal position of Clade 1. The large majority of strains isolated toward the end of the bloom (fourth sampling date) clustered again into Clade 1. However, 3 strains grouped in a new clade (Clade 2) located at the base of the major one. Of the 6 additional strains collected in the prebloom phase in March 2002, 4 fell into Clade 1, while 2 (Strains 20-02 and 21-02) clustered into the minor Clades 2 and 3, respectively (Fig. 2) .
The 3 clades were characterized by a different number of sequences, thus preventing precise comparisons of genetic variability among them. In general, minor clades were highly homogeneous, while higher polymorphism was present in Clade 1, due also to the presence of a few more divergent sequences (Table 2) . Excluding the most divergent strain (68-01), which was located in a basal position of Clade 1, the number of variable sites within Clade 1 droped from 76 to 56. The sequence of Strain 68-01 was characterized by short indels in the ITS2 region, while it was completely alignable in the variable ITS1 region that was deleted from the final alignment. These regions were instead characteristic of each distinct clade, providing potential clade-specific signatures. Phylogenetic relationships among the Pseudo-nitzschia delicatissima strains were also evaluated considering all cloned ITS rDNA sequences for each strain. Multiple sequences (2 to 5) (Fig. 3) .
Morphological analysis
Ultrastructural investigations carried out on natural samples and culture material from the Gulf of Naples over the years confirmed the recurrent presence of specimens with gross and fine morphological features typical for Pseudo-nitzschia delicatissima as reported in the original description of the species by Hasle (1965) and in the following detailed investigations by Hasle & Syvertsen (1997) and Skov et al. (1999) . All P. delicatissima strains isolated in 2001 and 2002 show the same gross morphology under the LM, with spindle-shaped valves and truncated ends in girdle view (Fig. 4a,b,c) . TEM of the 6 strains isolated in 2002 revealed the presence of a central larger interspace and a number of striae and fibulae per 10 µm ranging from 33 to 41 and from 20 to 28, respectively (Table 3) . The strains grouping in the major clade and Strain 21-02 grouping into Clade 3 (Fig. 2) showed a valve ultrastructure typical for the species, with striae bearing 2 parallel rows of triangular to hexagonal small poroids with hymenate vela, in numbers of 9 to 11 per µm ( Fig. 4d,e; Table 3 ). Cells of Strain 20-02 in Clade 3 (Fig. 4c) , however, had a slightly wider transapical axis (Table 3) and showed a somewhat different organization and number of poroids on the valve face. Within a single valve, there were sections with striae having 2 rows of parallel, almost regularly spaced, poroids and other sections in which poroids were less regular and where 2 to 4 opposite poroids tended to join, forming a single circular and larger poroid (Fig. 4f,g ). In addition, the number of poroids in Strain 20-02 ranged between 5 and 9 µm -1 (Table 3) ; this is less than the number reported for P. delicatissima (Hasle 1965) . The ultrastructure of the cingular bands did not reveal any significant difference among strains, showing variability within single strains that overlapped the range of variability among strains. In particular, the valvocopula was either 1 large poroid high (this poroid could also be split into 2 to 3 irregular sectors) or 2 small poroid high, and this variability was recorded in all strains except 20-02, in which valvocopula striae only 2 small poroids high were observed.
DISCUSSION
This study represents one of the few attempts to follow genetic diversity during the evolution of a diatom bloom. Molecular analyses performed on ITS rDNA sequences revealed an unexpectedly high level of genetic diversity within Pseudo-nitzschia delicatissima, which was previously considered a well-defined morphospecies. In the pre-bloom phase, when P. delicatissima was recorded only in the net samples and was thus present at very low concentration, strains clustered into 4 distinct lineages, showing that different ITS types co-occur in the water column. However, genetic diversity briskly decreased during the peak phase of the bloom, when all strains grouped into a single clade. Also, strains collected on the same date at a station located 18 n miles offshore clustered within the same major clade, as did the majority of the strains collected 2 wk later, toward the end of the bloom. This indicates that over an extensive area and for its whole duration, the bloom was attributable to only 1 among the ITS types present in the Gulf of Naples. Sampling coverage represents one of the major constraints when dealing with species whose abundance in the water column is in the order of 10 5 to 10 6 cells l -1
. Hence, during the prebloom phase, genetic diversity was most certainly underestimated. In fact, if a random sampling of 16 strains sharing the same gross morphology at this stage already resulted in the detection of 4 distinct genetic lineages, a more intensive sampling effort could have detected even more lineages. The same is true for the lack of records, during . Bootstrap values (1000 replicates) > 50% are shown above branches. P. fraudulenta SZN-B27 was used as outgroup the peak phase of the bloom, of representatives of the sister lineages recorded in the pre-bloom phase. This does not indicate their disappearance from the water column, but the small probability of them being detected at the peak of the bloom. The finding of cryptic diversity for Pseudo-nitzschia delicatissima has notable implications. First, it shows that the use of light microscopy for identification of phytoplankton species underestimates species diversity. Second, these results could also explain the failure of 'species-specific' molecular probes that target only 1 among the various genotypes present in a morphospecies (Parsons et al. 1999 , Orsini et al. 2002 .
Genetic diversity
The results of the phylogenetic analysis suggest that distinct reproductively isolated species exist within Pseudonitzschia delicatissima. All clades detected in the phylogenetic trees were in fact supported by significant bootstrap values. Moreover, the differences detected with ITS sequences were supported by the results obtained on a selected number of strains using the less variable D1 and D3 hypervariable domains of the LSU nDNA. Domains D1 and D3 have been used to assess interspecific phylogenies in the genus Pseudo-nitzschia (Lundholm et al. 2002a , Orsini et al. 2002 . Moreover, multiple ITS sequences obtained for each single strain always clustered in the same clade, strongly supporting reproductive isolation and suggesting that introgression did not occur in recent times. Likewise, the low level of intra-strain polymorphism in P. delicatissima compared with polymorphism recorded among multiple strains within a clade, suggests equilibrium between mutations and the homogenizing effects of concerted evolution (Hillis & Davis 1988) . Concerted evolution can only work when sexual reproduction occurs regularly, supporting the idea that the genetically similar but not identical strains representing the blooming population undergo sexual reproduction and recombination. The presence of recombinants between highly divergent ITS haplo-93 Table 3 . Pseudo-nitzschia delicatissima. Morphometric characters of selected strains belonging to different clades (illustrated in Fig. 2 and for the brown seaweed Macrocystis pyrifera (Coyer et al. 2001 ). In the latter case, the high divergence was considered as indication for hybridization between genotypes from geographically distinct areas. A direct comparison of divergence values among ITS sequences of congeneric species is only possible with the ITS1 region that was used to support distinction between Pseudo-nitzschia pungens and P. multiseries. In that case a divergence value of 27% was recorded (Manhart et al. 1995) . Pairwise divergence values, calculated comparing the ITS1 consensus sequence of each of the 3 clades and the single sequences outside these clades (see Fig. 2 ), ranged from 10.2 to 30.9% over 236 valid common sites, thus offering further support for the existence of cryptic species within the analyzed strains.
Yet, we do not rule out hybridization events completely. In 1 case, crosses between isolates belonging to genetically different clades have resulted in extremely poorly growing hybrids, sharing ITS sequences from both parental lineages (A. Amato & L. O. unpubl. data). Whether these crosses can lead to fertile progeny and the extent to which such events can occur in the field remains to be elucidated. The strains from which Consensus Sequences 71-01 and 68-01 were collected could represent typical examples of offsprings of such hybrids, because their sequences have the characteristics of recombinants. The midsections of these sequences align well with the other sequences included in Clade 1, but their 3' end or 5' ends vary considerably. Hybridization has been reported as a possible speciation mechanism (Schluter 2001) and, if demonstrated to occur among Pseudo-nitzschia species, could account for the high genetic diversity recorded within this genus. The analysis of a larger set of sequences reflecting the whole diversity of the P. delicatissima species complex and mating experiments among isolates representing different ITS types are currently being carried out (A. Amato, M. Montresor) to test the extent of reproductive isolation among genetically distinct strains.
Morphological diversity
Ecological studies typically use light microscopy for analysis of phytoplankton samples, but identification of Pseudo-nitzschia species with this tool is not easy and often not possible. In addition to P. delicatissima, 5 other Pseudo-nitzschia species (P. galaxiae, P. pseudodelicatissima, P. multistriata, P. fraudulenta, P. sub- fraudulenta, in order of abundance) are commonly found in the Gulf of Naples (Zingone et al. 2002) . Using LM, P. delicatissima was differentiated from the other congeneric species by its relatively narrow (ca. 2 µm) transapical length, the cut-off apical ends of the cell in girdle view and the relatively limited cell overlapping (1/7 to 1/10 of the cell length) when forming chains. The examination of ultrastructural features of the silica frustule using TEM is however required for a correct species classification within the genus Pseudonitzschia. The presence/absence of a larger interspace in the middle of the raphe, the organization pattern of poroids on the valve surface, the number of striae and fibulae, the shape and the density of poroids, and the ornamentation of the girdle bands are the major ultrastructural features on which the taxonomy of this genus is based (Hasle & Syvertsen 1997) . TEM investigations of numerous natural samples carried out over the years at our laboratory showed an apparent lack of ultrastructural variability, which gave us the confidence to properly identify the species in LM. This assumption induced us to by-pass culture establishment, and DNA was amplified performing PCR on a few monoclonal cells. Direct cell amplification has been in fact used for a number of phytoplankton organisms (Barker et al. 2000 , Bolch 2001 , and the method presents advantages in avoiding DNA extraction and overcoming the problem of somatic/sexual mutations potentially accumulating in cultures (Murphy 1978) . However, the finding of putative cryptic species within what was considered to be a single morphospecies during the 2001 bloom led us to isolate other strains the following year in order to support our results with ultrastructural analyses with TEM. Unfortunately, we succeeded in isolating representatives of only 3 of the 5 ITS lineages; 6 strains belonging to Clades 1 and 2 (Fig. 2) shared the same shape and arrangement of poroids into 2 parallel rows, a number of fibulae and striae in the range reported in the literature (Hasle & Syvertsen 1997 , Skov et al. 1999 , Priisholm et al. 2002 . Strain 20-02, belonging to Clade 3, showed apparently minor morphological differences that matched those reported for the still to be described species P. dolorosa sp. ined. (N. Lundholm pers. comm.). These differences, i.e. an irregular arrangement of the poroids in some sections of the valve, their lower density per 1 µm and the slightly wider transapical axis of the cells (see Table 3 ) are impossible to appreciate by LM, and have been interpreted as intraspecific variability when examining TEM micrographs collected over the years in the Gulf of Naples. Our results in fact show that 2 out of the 3 ITS lineages cannot be distinguished, even after ultrastructural studies using TEM, while the third lineage including Strain 20-02 apparently presents some distinctive ultrastructural characters. The examination of ultrastructural features of a higher number of strains is however necessary to appreciate the whole range of morphological diversity and plasticity within P. delicatissima, especially as concerns quantitative morphological characters. Moreover, molecular phylogenies are required to identify phylogenetically sound morphological traits to be used for the identification of the distinct genotypes. We cannot claim to have completely covered the diversity spectrum of P. delicatissima-like species in our study area, but it is remarkable that the sampling of about 70 strains over a relatively short time interval allowed the finding of 5 distinct ITS types within what was identified as a single morphospecies.
Ecological implications
Cryptic or pseudo-cryptic species have been reported for several marine organisms belonging to different phylogenetic lineages and living in a wide variety of habitats (Knowlton 1993) . The finding of cryptic species in the same environment leads to the hypothesis that different biological niches should exist to account for their coexistence. One possible explanation is that they thrive under different environmental scenarios. Distinct combinations of environmental factors such as irradiance conditions, day length, water temperature or turbulence can alternatively select for one of the genotypes over the annual cycle or even over longer pluriannual periods. In the Gulf of Naples, Pseudo-nitzschia delicatissima often shows a second peak of abundance in autumn, when water temperature is higher than in spring and the water column is still stratified (Zingone et al. 2002 , Ribera d'Alcalà et al. 2003 . It remains to be tested whether this late bloom is attributable to the same ITS type as that recorded in spring, to one of the more rare lineages, or even to a different one not sampled during the present investigation. In a pioneer study carried out on Skeletonema costatum analyzing isozyme banding patterns, genetically distinct populations were shown to dominate spring and autumn blooms, but diversity was considerable among strains isolated in the 2 seasons (Gallagher 1980) . Genetic distance among the different populations was comparable to that existing among different species of plants, and differences in photosynthetic performances were detected in spite of an apparent morphological identity (Gallagher et al. 1984 , Gallagher & Alberte 1985 . A similar pattern of genetic diversity was detected for S. costatum over 2 consecutive years, and the succession of the different genotypes was hypothesized to be under cyclic natural selection exerted by environmental factors (Gallagher 1980) . Isozyme analysis showed high levels of genetic diversity also among strains of the pennate diatom P. pseudodelicatissima isolated from coastal waters of Denmark and Sweden (Skov et al. 1997) . No relationship was apparent between the banding patterns and the geographic origin of the strains, and diversity was also high among isolates collected during the same bloom.
The simultaneous presence of distinct cryptic species in the same area could be also attributable to biological factors such as differences in life cycle strategies, or the control exerted by predators or parasites. Different timings in sexual reproduction, in the capability of producing resting stages and their germination could set distinct time windows for the presence of selected genotypes in the water column. Selective infection by distinct fungi and protozoans has been reported for different sympatric demes of freshwater diatoms (Canter & Jaworski 1982 , 1983 , Mann 1999 . Different cryptic species could also differ in their capacity for producing toxic defense compounds. Indeed, both toxic and nontoxic strains have been reported for species producing both paralytic shellfish poisoning (PSP) and ASP toxins (e.g. Bates et al. 1998 , Higman et al. 2001 , and strainspecific differences in the production of aldehydes has been also recorded (Pohnert et al. 2002) . A few isolates of Pseudo-nitzschia delicatissima from the Gulf of Naples tested for domoic acid production were found to be non-toxic (Orsini et al. 2002) . However, toxic strains of this species have been reported from Canada and New Zealand . What has been previously interpreted as intraspecific diversity in the production of chemical compounds could be explained in the light of cryptic diversity and represent a possible selective advantage of a certain genotype.
Perception of diversity
The finding of cryptic species within Pseudonitzschia delicatissima has obvious implications for our perception of the diversity of phytoplankton organisms. Classification systems for diatoms and other microscopic organisms are largely based upon their morphological features (Mann 1999) . As our resolution capability increases or as more detailed morphological investigations are undertaken, the number of species increases. Molecular approaches now provide new tools for testing the morphological species concept and allow for the detection of phylogenetically meaningful characters for species circumscription. As an example, molecular analyses revealed 3 cryptic species within the globally distributed foraminiferan Orbulina universa, and their distinction was supported by minor morphological features cou-pled with distinct ecological preferences (de Vargas et al. 1999) . The finding of cryptic diversity among several marine planktonic taxa highlights the fact that a notable fraction of the biodiversity has been overlooked by classical morpho-taxonomy. However, this can be also seen as a sign of our deep ignorance about the biological traits of the organisms with which we are dealing (Knowlton 1993 (Knowlton , 2000 . As for diatoms, we mainly base our phylogenies and taxonomic frameworks on morphological features of the silica frustule surrounding diatom cell, but we still have a very little understanding of the adaptive and evolutionary significance of these minute characters. Moreover, estimates of phenotypic plasticity, and a sounder knowledge of mating behavior, and reproductive isolation mechanisms will undoubtedly allow better circumscription of phytoplankton species and unveil the diversity hidden behind similar morphologies , Mann 2002 .
